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PREFACE 

In the ever-evolving landscape of science and technology, knowledge is a 

beacon that illuminates the path to progress. The pursuit of understanding and 

innovation has been the driving force behind the remarkable advancements that have 

shaped the world we live in today. As we embark on a new era, it becomes increasingly 

crucial to navigate through the diverse and dynamic currents of research to discern 

the trends that will define our future. 

"Research Trends in Science and Technology" represents a collective effort to 

explore and elucidate the cutting-edge developments that are shaping the fields of 

science and technology. This book is an assembly of insightful chapters contributed by 

leading experts, researchers, and visionaries, all of whom share a common passion for 

unraveling the mysteries of the universe and harnessing the power of technology for 

the betterment of humanity. 

In this volume, we delve into a broad spectrum of disciplines, ranging from 

fundamental sciences such as physics, chemistry, and biology to the transformative 

fields of artificial intelligence, nanotechnology, and biotechnology. By curating a 

diverse selection of research trends, we aim to showcase the interdisciplinary nature of 

modern scientific inquiry and the interconnectedness of technological breakthroughs. 

We believe that knowledge should be shared and disseminated freely, fostering 

a collaborative spirit that transcends geographical and disciplinary boundaries. As 

such, "Research Trends in Science and Technology" serves as a platform for 

disseminating the latest discoveries, ideas, and perspectives that shape the course of 

human progress. 

We extend our heartfelt gratitude to all the contributors who have dedicated 

their expertise and passion to enrich this compilation. Their invaluable insights and 

visionary outlooks have made this endeavor possible. 

We hope that this book will inspire readers, whether they are students, 

researchers, policymakers, or curious minds, to embrace the spirit of inquiry and 

embark on their own explorations. By staying attuned to the latest research trends and 

leveraging collective knowledge, we can collectively chart a course towards a more 

sustainable, equitable, and innovative future. 

  

Editors 
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A REVIEW OF THE INTERPRETATION OF DUALITY IN DIFFERENTIABLE 

AND NON-DIFFERENTIABLE MATHEMATICAL PROGRAMMING 

Ram Naresh Singh*1, Shailendra D. Deo2 and Ajay Kumar Sharma*2 

1Department of Mathematics,  

Sardar Patel Mahavidyalaya Chandrapur - 442402 (MS), India 

2Mahatma Gandhi College of Science,  

Gadchandur, Dist - Chandrapur-442908(MS), India 

*Corresponding author E-mail: drrbs79@gmail.com, ajaykumarsharma101010@gmail.com 

 

Abstract: 

The existence of an ideal solution to either the primal problem or the dual problem 

ensures the existence of an ideal solution to the other because these two projects are linked by 

the duality principle. If the primary issue is constrained minimization (or maximisation), then the 

dual issue is a constrained maximisation (or minimization) problem. The duality effects have 

shown to be very helpful in enhancing numerical techniques for addressing particular categories 

of optimisation problems. Because it offers appropriate halting guidelines for primary and 

secondary problems, The presence of duality theory in nonlinear programming problems makes 

it easier to create numerical algorithms. The inclusion of duality theory in nonlinear 

programming issues aids in the development of numerical algorithms. If the original issue is the 

dual of the dual, then a nonlinear programming problem and its dual are said to be symmetric. 

This postulation's major objective is to take into account optimality and duality in a range of 

mathematical programming issues, with a particular emphasis on non-differentiable nonlinear 

programming and variational issues, such as blended sort symmetric and self duality. Non-

differentiable fractional minmax programming, continuous-time minmax programming, 

minimaxvariational problems, and continuous-time minmax programming. 

Overview 

In the late 1940s, mathematical programming achieved the status of a logical science unto 

itself, and ever since then, it has made enormous strides. It is currently regarded as one of the 

most dynamic and invigorating disciplines of contemporary mathematics, with numerous 

applications in a variety of contexts, including design, financial matters, and basic sciences. 

Mathematical programming problems frequently include finding the least-weight design of a 

structure that is bound to stress and deflection restrictions. 

A mathematical programming problem has the following structure: 

(MP): Maximize or minimize 𝑓(𝑥). 
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Depending on 

𝑔𝑖(𝑥) ≤ 0, 𝑖 = 1,2,3…… . ,𝑚 

ℎ𝑗(𝑥) = 0, 𝑗 = 1,2,3…… . , 𝑘, 

𝑥 ϵ X 

The function 𝑓and each of its 𝑓𝑗 and ℎ𝑗  on the n-dimensional Euclidean space 𝑅𝑛 and 

𝑋𝑅𝑛 are real valued capabilities. This is referred to as the general mathematical programming 

issue. Fairness constraints are defined as ℎ𝑗(𝑥) = 0, 𝑗 = 1,2,3…… . , 𝑘, whereas inequality 

constraints are defined as 𝑔𝑖(𝑥) = 0, 𝑖 = 1,2,3…… . ,𝑚.The integration of 𝑥 X is a conceptual 

constraint. We define the previous issue as a differentiable programme if the objective and 

critical skills are differentiable. The aforementioned issue is referred to as a convex 

programming problem if X is a convex set and the objective and inequality constraints are both 

relative to capacity. 

Duality in adaptable mathematical programming  

If f: Rn R and hj: Rn R, where j = 1, 2,..., m, then think about the nonlinear programming 

problem:  

Min 𝑓(𝑥)(P) according to, ℎ𝑗(𝑥) = 0, 𝑗 = 1,2,3…… .𝑚.  

The Lagrangian dual for issue (P) in the case of Rm is defined as  

This is,M inf(𝑢) plus 𝑇ℎ(𝑢) (LD) 

If all of the functions f and ℎ𝑗(𝑥) = 0, 𝑗 = 1,2,3…… .𝑚. are differentiable convex functions, 

then the problem (LD) is similar to the problem below:  

𝑀𝑎𝑥𝑓(𝑥)+ 𝑇ℎ(𝑥) (WD)  

Depending on  𝑉𝑓(𝑥) plus 𝑇ℎ(𝑥) = 0, 0 and 𝑅𝑚,The Wolfe type of dual for the issue (P) 

is superior than everything else here. When Mangasaria gives an example, he suggests that some 

duality theorems might not hold true if the goal function or the constraint function is a summed 

up convex function. This inspired Mond and Weir to create a new dual for (P) as a result. 

𝑀𝑎𝑥𝑓(𝑥)+ (MWD) 

Depending on 

𝑓(𝑥)+ + λ𝑇ℎ(𝑥) = 0,λ𝑇ℎ(𝑥) ≥  0, λ ≥  0, λ ϵ 𝑅𝑚, 

Non-differentiable mathematical programming duality  

The class of non-differentiable mathematical programming issues that Mond took into 

account was as follows:  

Min f(x) + xTBx 1/2 (NP) 

depending on ℎ𝑗(𝑥) ≤ 0, 𝑗 = 1,2,3…… .𝑚. 

In this case, B is a n X n positive semi definite (symmetric) matrix, and𝑓 andℎ𝑗(𝑥), 𝑗 =

1,2,3…… .𝑚. are twice differentiable functions from Rn to R. The functions f and hj (j = l, 2,..., 
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m) are anticipated to be convex functions. They established a duality theorem between (𝑁𝑃) and 

the following problem.  

(𝑁𝐷): [𝑓(𝑢) + 𝑦𝑇ℎ(𝑢)]  𝑚𝑎𝑥𝑓(𝑢) + 𝑦𝑇ℎ(𝑢)] − 𝑢𝑇  

according to, 

𝑦𝑇 + 𝑓(𝑢) + ℎ(𝑢) + 𝐵𝑤 = 0,𝑤𝑇𝐵𝑤1, 𝑦 ≥ 0. 

A new dual program was introduced by Chandra, Craven, and Mond along the lines of Mond and 

Weir:  

𝑀𝑎𝑥𝑓(𝑢) − [𝑢𝑇𝑓(𝑢) + 𝑦𝑇ℎ(𝑢)] (NWD) 

depending on 𝐵𝑤 = 𝑓(𝑢) + 𝑦𝑇ℎ(𝑢) 

𝑦𝑇ℎ(𝑢) ≥ 0,𝑤𝑇𝐵𝑤 ≤ 1 ,y≥ 0. 

Additionally, for any possible solution to (NP) and (NWD), settled duality theorems by 

assuming that 𝑓(𝑢) + 𝑤𝑇𝐵𝑤 is pseudoconvex and that yTh is quasiconvex. 

Later, Mond and Schechter replaced the square root term with the standard term and, in 

addition, defined the non-diffemtiable nonlinear programming problems as follows:  

(NP)1 Min ||Sx||p  +𝑓(𝑥) 

according to, ℎ𝑗(𝑥) ≤ 0, 𝑗 = 1,2,3…… .𝑚. 

Here, the convex functions 𝑓 and ℎ𝑗 (𝑗 = 1,2,3…… .𝑚) are twice differentiable from Rn 

to R. The problem is the dual for (NP)1:  

𝑀𝑎𝑥𝑓(𝑢) + [ 𝑦𝑇ℎ(𝑢)+ 𝑢𝑇𝑆 Tv (NP) 

according to 𝐹(𝑢) + 𝑌𝑇ℎ(𝑢) = ‖𝑣‖, 𝑞 ≤ 1, 𝑦 ≥ 0. 

where conjugate instances for p and q are. 

Symmetric duality in distinctive mathematical programming  

Take a look at a capacity f(x, y) that can be differentiated in the ranges Rn and Rm. The 

challenges that Dantzig et al. introduced are as follows:  

𝑀𝑖𝑛(𝑓(𝑥, 𝑦) − 𝑦𝑇𝑦𝑓(𝑥, 𝑦) (SP) 

Depending on 

𝑦𝑓(𝑥, 𝑦) ≤ 0 ,(𝑥, 𝑦) ≥ 0.𝑀𝑎𝑥𝑓(𝑥, 𝑦) − 𝑥𝑇𝑓(𝑥, 𝑦) (SD) 

Depending on 𝑉𝑥𝑓(𝑥, 𝑦) > 0,(𝑥, 𝑦) > 0. 

Additionally, the existence of a typical optimal solution to the primal (SP) and (SD) was 

shown when (i) f is convex in x for every y and concave in y for every x, and (ii) f, which is 

twice differentiable, has the property that its matrix of second partials for y is negative definite at 

(𝑥0, 𝑦0) and also provided the information below regarding symmetric dual programming issues: 

𝑀𝑖𝑛(𝑓(𝑥, 𝑦) (MSP) 𝑦𝑇𝑦𝑓(𝑥, 𝑦) 

depending on 𝑓(𝑥, 𝑦) ≤ 0, 𝑥 ≤ 0. 𝑀𝑎𝑥𝑓(𝑥, 𝑦)(𝑀𝑆𝐷)𝑥𝑇𝑓(𝑥, 𝑦)  

depending on 𝑥𝑓(𝑥, 𝑦) ≥ 0, 𝑦 ≥ 0. 
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It should be noted that whereas in both (SP) and (SD) the constraints include x 0 and y 0, 

only x 0 is necessary in the primal and only y 0 is necessary in the dual.  

Hypothetical duality in non-differentiable mathematical programming 

Suppose 𝑓(𝑥, 𝑦) =be a true esteemed continuously differentiable function in the intervals 

x Rn and y Rn. Chandra and Husain created the following set of symmetric dual non-

differentiable algorithms to demonstrate how duality is a result of the convexity-concavity 

assumption applied for the bit function 𝑓(𝑥, 𝑦) =: 

𝑀𝑖𝑛(𝑓(𝑥, 𝑦) = 𝑦𝑇𝑦𝑓(𝑥, 𝑦) + (𝑥𝑇𝐵𝑥)1/2 

depending on Cw −yf(x,y) ≤ 0,wTCw ≤ 1,(x,y) > 0. 

𝑀𝑎𝑥𝑓(𝑥, 𝑦) − 𝑥Tx, 𝑓(𝑥, 𝑦)- (yT Cy)1/2 (ND) 

depending on 𝑓(𝑥, 𝑦) − Bz ≤ 0, zTB z ≤ 1,(𝑥, 𝑦) ≥ 0. 

n x m and m x m positive semi-definite matrices, respectively, make up B and C.  

Chandra, Craven, and Mond showed another combination of symmetric dual non-

differentiable algorithms by reducing the convexity criteria on the bit function f(x,y) to 

pseudoconvexity. 

The issues in are as follows:  

𝑀𝑖𝑛𝑓(𝑥, 𝑦)+ (xTBx)1/2−yTCz (PS) 

depending on Cz = yf(x,y) = 0.When yT[y f(x,y) - Cz] > 0,zTCz ≤ 1,x ≥ 0 . 

Max 𝑓(𝑥, 𝑦) − (yT Cy)1/2 + xTBw (DS) 

depending on  Bw + 𝑥𝑓(𝑥, 𝑦) ≤ 0, If 𝑥T[𝑥𝑓(𝑥, 𝑦)+ B w] is zero, wTB w ≤ 1,y ≥ 0. 

Programming with differentiable fractions  

Assume that 𝑓,−𝑔 and ℎ𝑗 (J = 1, 2, and m) are real, esteemed, differentiable convex 

functions defined on the open convex set X Rn. Consider the convex-concave fractional 

programming issue at this point. (FP): Depending on 

ℎ𝑗  ≤ 0, (j = 1,2,…,m) 

S = x X:hj (x) 0; j = 1, 2,..., m; g(x) > 0 for every x X; and if g(x) is not 

Affine, then for all x X, f(x) ≤  0. 

There are two prominent duality models for (FP), and these have been extensively 

discussed in the work. These are a result of Schaible, Jagannathgan, and Bector. The issue is the 

Bector's double [17] for (FP).  

according to, 

The accompanying proportionate problem (EPF) of FP is essentially represented by this 

Wolfe double: 

EFP: Minimum according to, 
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In (BD), one needs that 𝑓(𝑢) + 𝑦𝑇ℎ(𝑢) ≥ 0, if 𝑔 isn't relative, in order to make the 

target function pseudoconvex and ensure that duality theorems are true.  

Programming that is not differentiable in fractions 

Mond thought about the following fundamental issue according to, 

ℎ(𝑥) ≤ 0., 

In this scenario, G(x) > 0 for every possible x, B and D are n x n symmetric positive 

semidefinite frameworks, f, g, and h are differentiable functions from Rn into R, Rm separately. 

Mond [9] developed suitable duality theorems under convexity assumptions on f, g, and h, 

described a twofold problem to the (NFP) issue, and proved necessary and sufficient conditions 

for the existence of an ideal solution.  

After some time, Zhang and Mend found a number of conditions that had to exist in order 

for the optimal configuration of (NFP) to exist. Additionally, as an application of these 

optimality requirements, the first and second request duals indicated below were derived 

individually, and relevant duality theorems were also produced.  

Diverse problems  

A variation problem is a particular example of an optimum control problem where the 

state function is subordinate to the control function.  

In terms of numbers, the following variational problem exists: 

Depending on 

The separation operator D is given by 𝑦 =Dx⇒ 𝑥(𝑡) = 𝑥(𝑎) + (𝑠)𝑑𝑠 except at 

discontinuities, and C (I, Rn) is the space of persistently differentiable functions x: I Rn. Where 

f:I x Ru x R n Rm and g:I x Ru x Rn Rm are persistently differentiable functions as for each of 

their contentions. Valentine establishes the necessary circumstances for the presence of an 

external force (VP). 

Final summary 

But in the current context, the heightened competitiveness and customer expectations 

frequently require the greatest solutions, not just practical ones. It has been found that even 

shortening the time it takes to improve can help a corporation save money by enhancing the 

design process. In this manner, the optimisation theory regulates selecting the best option among 

a few alternatives in terms of given capacity with the minimum amount of resources that is 

theoretically feasible. Mathematical programming problems are a new class of problems as a 

result. The most effective approaches for solving problems are frequently applied in operations 

research and are known as mathematical programming techniques. 
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A B S T R A C T  

Peristaltic flows are beneficial for resolving problems with physiological flows. In order to represent a 

variety of fluid motions involving peristaltic, a number of problems involving distinct fluid behavior 

assumptions and geometrical configurations have been solved. This work considers the passage of a 

Newtonian fluid through a cylindrical tube in the presence of a peripheral layer of a Newtonian fluid with 

a different viscosity. It is determined what the relationship between flow rate and pressure difference is. 

In this paper, the trapping and reflux limits, as well as the pumping efficiency, are determined. The problem 

is analyzed numerically, and the results for peripheral layer viscosity, pressure difference, and pumping 

efficiency are obtained. 
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A B S T R A C T  

Our study is a comprehensive exploration of complex system reliability across various configurations, 

encompassing diverse sets of components. We sought to gauge the dependability of these systems, an 

essential facet in industries, infrastructure, and technology, where real-world conditions and configurations 

vary. Our approach involved meticulous analysis, breaking down the systems into their constituent 

components. We calculated individual reliabilities for components operating in both series and parallel 

configurations. This dual focus allows us to understand the critical interplay between component reliability 

and system design. In series, each component is vital; in parallel, redundancy offers a safety net. The 

paramount goal was to establish a benchmark for evaluating system reliability in diverse real-world 

scenarios, enabling engineers and designers to make informed decisions about system configuration and 

maintenance. We presented our findings graphically, providing a clear, comparative view of system 

reliability across different setups. In summary, our research contributes to the foundational understanding 

of complex system reliability, furnishing valuable insights for industries, infrastructure, and technology. 

By creating a visual roadmap for system performance under varying conditions, we equip decision-makers 

with the tools to build more dependable, resilient, and robust systems in an ever-evolving technological 

landscape. 

Keywords: Reliability, Failure Rate, Reliability Block Diagram 

 

https://aijr.org/about/policies/copyright/
https://doi.org/10.21467/abstracts.158
https://aijr.org
Page No-33



 

 

 

 

 

 
 

 

        Ram Naresh B.S. Sisodiya     

 

     Analytical study of Reliability in the system of various configurations with 

different components by using Reliability Block Diagram 

 

 

 

 

 
 

    C4091   

Page No-34















1



2



3



4



5



6





27 ILLUMINATION OF MECHANICAL,  
THERMAL AND ELASTIC PROPERTIES OF  
TRIPLE SUPER PHOSPHATE (TSP) IN  
AQUEOUS MEDIA: AN ULTRASONIC TACTIC

Paritosh L. Mishra1* and Urvashi P. Manik2

ABSTRACT
The ultrasonic tactic/approach helps to quantity the speed of sound in pure as well as in 
different liquids mixture. By obtaining these experimental data of speed of sound and 
density, various properties (like, mechanical, thermal and elastic) of the liquid and their 
mixtures can be calculated. These properties are too useful in understating and gathering 
the knowledge of interaction between the solute and solvent components of liquid and 
their mixtures. In view from this scenario, present manuscript reports the investigation 
of TSP in aqueous media to explore the intermolecular interaction in the liquid system 
(TSP+H

2
O) at fixed 2MHz frequency by varying the concentration and temperature. All 

mechanical, thermal and elastic parameter shows the positive values suggesting strong 
intermolecular interaction among ions of solute (TSP) and solvent (H

2
O/NaCl/Na

2
SO

4
) 

through hydrogen bonding. This kind of data provides the information requires in many 
aspects and have applications in the field of agriculture sectors through which the quality 
of fertilizer (TSP) can be improved.

Keywords: Acoustic, elastic property, mechanical property, thermal property, ultrasonic

INTRODUCTION

The excess concentration of salts in agricultural land not only generates the 
problem of salinity but adverse effects in plants and possess risks to human 
health.1 Due to this rapid salinization, the scarcity and limited food resources, 
have created burden and pressure for the survival of human needs unless 
certain measures are taken to, overcome this pressure. To achieve food 
security, the attempts need to focus on both area expansion under agriculture 
as well as a rise in crop productivity.2

Accordingly, it is needed to develop a simple and low-cost method for 
soil salinity management to enhance the productivity of crops to meet the 
ever-increasing requirement of food also to improve the high and regular 
income and employment generation to the farmers.

In view to resolve these problems, fertilizers are applied in agricultural 

1. Department of Physics, Sardar Patel Mahavidyalaya, Chandrapur, Maharashtra, India. 
442402, *Corresponding author

2. Professor & Head Department of Physics, Sardar Patel Mahavidyalaya, Chandrapur, 
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land worldwide to supply the micro and macronutrients for bulk crop 
production, to provide better plant nutrition, and to increase the fertility of 
saline soil.3 Literature survey revealed that the efficiency of fertilizer is higher 
than salt affected soil as compared to non-saline salts. The capacity in the 
absorption of P type macronutrient may be decreased in existence of surplus 
Cl or SO

4
. However, P type macronutrients not only fulfill their deficiency in 

soil but also reduce their adverse effects like Cl or SO
4
.4

As ultrasonic is a versatile non-destructive technique and highly useful for 
investigation of various physicochemical and thermo-acoustical properties 
of pure liquid as well as liquid compositions.5,6 Recent developments have 
found the use of the ultrasonic technique in medicine, engineering, and also 
in the agriculture field. Thus, this kind of study is important for both human 
beings as well as plants. Because of the above circumstance, an effort was 
carried out to fulfill the stated circumstances and to bring out such studies 
on fertilizer: Triple Super Phosphate of different concentrations viz. 0.002–
0.02 mol.kg-1 change by weight fraction in water and aqueous 0.2 mol.kg-1 
solutions of salts namely: Sodium Chloride and Sodium Sulfate at various 
temperature 288.15–303.15K with the help of Non-Destructive Technique 
(Ultrasonic Technique). The data obtained also sheds light on intermolec-
ular interactions between fertilizer-water and fertilizer-water-saline salts in 
view to find a way to control or minimalize the stated problem of soil salinity. 
The ultrasonic sound velocity (U) and density (ρ) measurements and their 
aligned properties (elastic, mechanical and thermal) find the wide applica-
tions in characterizing the physico-chemical behavior of liquid mixture.

EXPERIMENTAL DETAILS

1. Chemicals Information

Table 27.1: Shows the different chemicals used in view to perform the experiment.
Chemical Name Molecular 

Weight
CAS Number Purchased 

From
Purity

Sodium Chloride 58.44 7647–14-5 Himedia Lab. 
Pvt. Ltd., 
Mumbai

>> 
99.8%Sodium Sulfate 142.04 7757–86-6

Double Distilled 
Water

18.02 NIL

Triple Super 
Phosphate

370.11 65996–95-4
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2. Apparatus Information

Table 27.2: Shows the different apparatuses used in view to perform the experiment.
Name of Apparatus Purchased From Uses
2 MHz operating 
Digital Ultra-
sonic Velocity 
Interferometer

Vi Microsystems 
Pvt Ltd, Chennai

For the measurement of Ultrasonic 
sound velocity in liquid mixture.

10ml Specific Gravity 
Bottle

Enggific 
Engineering 
and Scientific, 
Hyderabad

For the determination of densities 
of the solutions.

Automatic Thermo-
static Water Bath

Lab Hosp Pvt Ltd, 
Nagpur

For maintaining the experimental 
temperature of circulating water 
constant.

Defining Parameters
For calculated values of several elastic, mechanical and thermal properties 
the following defining relations reported in the literature are used:
 (I) Surface Tension (σ): Surface tension describes the tendency of liquid 

surface at rest to shrink into the least surface area possible = (6.3*10–4)
ρU3/2

 (II) Internal Pressure (πi): Internal Pressure is a significant parameter which 
is used to understand structure and nature of intermolecular interaction 
in the liquid molecules = {Tα/k

T
}

 (III) Isothermal Compressibility (k
T
): Isothermal compressibility is used to 

determine the compressible properties of water supply.
  Pandey et al. Method (k

T
) = 17.1*10–4/(T4/9U2ρ1/3)

 (IV) Bulk Modulus (K): Bulk modulus is the reciprocal of adiabatic compress-
ibility; it is used to measure the ability of substance = 1

b
 (V) Thermal Conductivity (k): Thermal conductivity is referring 

to the ability of material or substance to conduct or transfer heat = 
{3.0*(ρN

A
/M)2/3k

B
U}

 (VI) Specific Heat Ratio (γ): The simplified relation for Specific Heat Capacity 
as = 

4/9 1/3

17.1
*T

 
 

ρ 

RESULT AND DISCUSSION

Surface tension was used to interpret the strength of intermolecular interaction 
that exists in the solution. Between the liquid molecules, cohesive forces exist 
which are responsible for the variations in the surface tension. The increasing 
trend of surface tension (σ) with the concentration of solute and temperature 
indicates that a significant association in the solution.7
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Sound properties have the tendency to irradiate the strength as well 
as kind of the interaction taking place in the corresponding experimental 
solutions. In the present work, the internal pressure (π

i
) increases with an 

increase in the concentration of fertilizer, and the temperature for all three 
solvents. Which confirms there is an attractive force between the constituent 
components of liquid. This growing ilk of the internal pressure in all the 
solutions designates a good agreement of interaction between fertilizer-soil 
salt solutions as compared to fertilizer-water.8

Isothermal compressibility is a measure of relative fluctuations in volume. 
An examination of Table 27.3 reveals the trends in the isothermal compress-
ibility (k

T
) is declining with an intensification in the concentration of triple 

superphosphate fertilizer in water also in the aqueous NaCl and Na
2
SO

4
 

solution of 0.2 mol-kg-1. The diminution in isothermal compressibility values 
with an increase in the concentration of fertilizer (TSP) seems to be the result 
of a corresponding decrease in free volume and available volume.9 The calcu-
lated values of isothermal compressibility’s have been further used for the 
determination of specific heat ratio.

Table 27.3: The values of Surface Tension (σ), Internal Pressure (π
i
), Isothermal 

Compressibility (k
T
), Bulk Modulus (K) and Thermal Conductivity (k) of System 

TSP+ H
2
O/NaCl/Na

2
SO

4.

Conc.
(mol- 
kg-1)

σ kT

(kg/m3) (Nm-2) (m2N-1)

H2O NaCl Na2SO4 H2O NaCl Na2SO4 H2O NaCl Na2 
SO4

288.15K

0.000 35331.82 35331.82 35331.82 4.90 4.90 4.90 6.42 6.42 6.42

0.002 35473.68 36407.59 37727.94 4.93 5.09 5.33 6.40 6.26 6.04

0.004 35563.86 36473.87 37807.41 4.94 5.11 5.34 6.39 6.24 6.03

0.006 35632.82 36541.78 37885.95 4.96 5.12 5.36 6.38 6.23 6.02

0.008 35753.23 36609.33 37964.30 4.98 5.13 5.37 6.35 6.22 6.01

0.010 35828.80 36697.29 38041.68 4.99 5.15 5.39 6.34 6.21 6.00

0.012 35922.62 36786.71 38119.23 5.01 5.16 5.40 6.33 6.19 5.99

0.014 35990.58 36854.03 38196.21 5.02 5.17 5.41 6.32 6.18 5.98

0.016 36068.63 36883.86 38272.98 5.03 5.18 5.43 6.30 6.18 5.97

0.018 36125.37 36948.45 38349.93 5.04 5.19 5.44 6.30 6.17 5.96

0.020 36222.07 37016.53 38404.45 5.06 5.20 5.45 6.28 6.16 5.95

Contd.
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Table 27.3: The values of Surface Tension (σ), Internal Pressure (πi), Isothermal 
Compressibility (kT), Bulk Modulus (K) and Thermal Conductivity (k) of System 
TSP+ H2O/NaCl/Na2SO4. (Contd.)

293.15K

0.000 35859.88 35859.88 35859.88 5.06 5.06 5.06 6.24 6.24 6.24

0.002 36030.14 36870.76 38094.98 5.10 5.25 5.47 6.22 6.09 5.91

0.004 36104.36 36927.56 38175.75 5.11 5.26 5.49 6.21 6.08 5.9

0.006 36171.88 37001.10 38255.58 5.12 5.27 5.50 6.20 6.07 5.89

0.008 36251.80 37066.05 38312.80 5.14 5.28 5.51 6.19 6.06 5.88

0.010 36330.82 37131.47 38391.67 5.15 5.29 5.53 6.17 6.05 5.87

0.012 36385.24 37196.15 38448.19 5.16 5.30 5.54 6.17 6.04 5.87

0.014 36460.69 37268.06 38525.94 5.17 5.32 5.55 6.16 6.02 5.86

0.016 36536.82 37326.67 38604.23 5.19 5.33 5.56 6.14 6.01 5.85

0.018 36586.62 37401.91 38704.70 5.20 5.34 5.58 6.14 6.00 5.83

0.020 36668.47 37480.07 38783.03 5.21 5.36 5.60 6.13 5.99 5.82

298.15K

0.000 36420.62 36420.62 36420.62 5.23 5.23 5.23 6.06 6.06 6.06

0.002 36529.49 37336.12 38604.90 5.25 5.40 5.64 6.05 5.93 5.76

0.004 36603.83 37404.09 38664.79 5.27 5.41 5.65 6.04 5.92 5.75

0.006 36653.00 37472.35 38723.57 5.28 5.43 5.66 6.03 5.91 5.75

0.008 36714.39 37542.33 38789.36 5.29 5.44 5.67 6.02 5.90 5.74

0.010 36791.00 37588.43 38868.14 5.30 5.45 5.69 6.01 5.89 5.73

0.012 36844.98 37638.43 38949.65 5.31 5.46 5.70 6.01 5.89 5.72

0.014 36900.55 37684.37 39029.89 5.32 5.47 5.72 6.00 5.88 5.71

0.016 36955.42 37752.57 39104.77 5.33 5.48 5.73 5.99 5.87 5.70

0.018 37010.53 37786.21 39167.24 5.34 5.48 5.74 5.99 5.87 5.69

0.020 37067.29 37848.01 39227.91 5.36 5.50 5.76 5.98 5.86 5.68

303.15K

0.000 36704.40 36704.40 36704.40 5.36 5.36 5.36 5.95 5.95 5.95

0.002 36858.75 37592.17 38878.01 5.39 5.57 5.77 5.92 5.83 5.65

0.004 36910.39 37639.74 38960.83 5.40 5.57 5.78 5.92 5.82 5.64

Contd.
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Table 27.3: The values of Surface Tension (σ), Internal Pressure (πi), Isothermal 
Compressibility (kT), Bulk Modulus (K) and Thermal Conductivity (k) of System 
TSP+ H2O/NaCl/Na2SO4. (Contd.)
0.006 36958.70 37685.80 39042.63 5.41 5.58 5.80 5.91 5.81 5.63

0.008 37021.06 37734.99 39122.21 5.42 5.59 5.81 5.91 5.81 5.62

0.010 37072.90 37781.56 39203.60 5.43 5.60 5.83 5.90 5.80 5.61

0.012 37126.66 37828.59 39285.12 5.44 5.61 5.84 5.89 5.80 5.60

0.014 37181.35 37875.68 39365.15 5.45 5.61 5.86 5.89 5.79 5.59

0.016 37234.56 37917.35 39446.49 5.46 5.62 5.87 5.88 5.79 5.58

0.018 37286.25 37968.16 39527.01 5.47 5.63 5.89 5.88 5.78 5.57

0.020 37341.98 38014.64 39604.92 5.48 5.64 5.90 5.87 5.77 5.56

Elastic ilk of liquid can be best understood by Bulk Modulus (K) due to 
the hydrogen bonding form in the distinct components of the solutions inten-
sifications with the bulk modulus. In the existing case, it is found that the 
bulk modulus increases with varying the concentration of fertilizer. As, water 
is a polar solvent and when salts and fertilizer are mixed, the well inter- 
Molecular interaction arose, follow-on in close packing of molecules. The 
calculated values of bulk modulus are listed in Table 27.4 which specifies the 
strong association amongst fertilizer and saline salts molecules as compared 
to distilled water and fertilizer. The bulk modulus of the solvent is lower 
than that of the solution and increases with an increase in the concentration 
of the fertilizer.10

In the present investigation, the increase in bulk modulus values with 
the temperature rise is observed. This supports the facts indicated by the 
variation in ultrasonic velocity with temperature. Ultrasonic velocity deter-
mination or measurement can be utilized to evaluate thermal conductivity 
theoretically. The theoretical value of thermal conductivity of solvent (water) 
shows good agreement with the literature data.11,12

From Table 27.4  it is observed that the evaluated value of thermal conduc-
tivity for triple super phosphate mixed in 0.2 molal concentration of salt 
solutions is more than that of the 0.2 molal salt solutions at all concentrations 
and temperature. The observed trend of thermal conductivity is: Water > 
Fertilizer + Saline Salts > Saline Salts

In the current investigation, both the ultrasonic velocity and density values 
increase with the increase in temperature and as per Bridgeman’s relation, 
thermal conductivity directly depends on these two factors. The increase in 
thermal conductivity with an increase in concentration and temperature clear 
that the flow of energy is possible when molecules get close to each other. 
This means in the present system intermolecular interaction taking place. It 
is confirmed with the rise of velocity, density, and drop of free length values 
due to the close packing structure.
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Table 27.4: The values of Bulk Modulus (K), Thermal Conductivity (k) and Specific 
Heat Ratio (γ) of System TSP+ H

2
O/NaCl/Na

2
SO

4.

Conc.
(mol- 
kg-1)

K k γ

( kg/m3) (Wm-1K-1) (K4/9)-1(kg1/3m-1)-1

H2O NaCl Na2SO4 H2O NaCl Na2SO4 H2O NaCl Na2SO4

288.15K

0.000 2147315500 2147321948 2147321948 0.6292 0.6292 0.6292 0.138027 0.138027 0.138027
0.002 2173480500 2205266719 2307871343 0.0841 0.0856 0.0876 0.137919 0.137396 0.136798
0.004 2192106686 2224726721 2322802241 0.0843 0.0857 0.0878 0.137880 0.137364 0.136755
0.006 2210703584 2229615318 2328579846 0.0844 0.0858 0.0879 0.137842 0.137331 0.136712
0.008 2226847866 2234607409 2334305503 0.0846 0.0859 0.0880 0.137790 0.137298 0.136670
0.010 2243489963 2239581280 2340023962 0.0847 0.0860 0.0881 0.137744 0.137266 0.136629
0.012 2261606018 2246232135 2345686504 0.0848 0.0862 0.0882 0.137702 0.137232 0.136588
0.014 2275534528 2252980305 2351364374 0.0849 0.0863 0.0884 0.137666 0.137200 0.136549
0.016 2288598783 2257955952 2357011928 0.0851 0.0863 0.0885 0.137619 0.137169 0.136510
0.018 2301729318 2259879398 2362651870 0.0851 0.0864 0.0886 0.137572 0.137135 0.136470
0.020 2314127374 2264596678 2368307046 0.0853 0.0865 0.0887 0.137527 0.137103 0.136432

293.15K

0.000 2190879703 2190879703 2190879703 0.6354 0.6354 0.6354 0.137016 0.137016 0.137016
0.002 2217324518 2249335165 2350047306 0.0850 0.0863 0.0882 0.136903 0.136472 0.135820
0.004 2232868400 2264583030 2354083182 0.0851 0.0864 0.0883 0.136861 0.136454 0.135776
0.006 2249002609 2268933827 2359980717 0.0852 0.0865 0.0885 0.136827 0.136416 0.135734
0.008 2263521423 2274316915 2365825616 0.0853 0.0866 0.0885 0.136778 0.136388 0.135692
0.010 2279526666 2279175561 2369813608 0.0855 0.0867 0.0887 0.136731 0.136359 0.135652
0.012 2295525210 2284068257 2375611860 0.0856 0.0868 0.0888 0.136688 0.136332 0.135611
0.014 2310305998 2288919012 2379567536 0.0857 0.0869 0.0889 0.136646 0.136297 0.135572
0.016 2324108184 2294218528 2385298006 0.0858 0.0870 0.0890 0.136602 0.136277 0.135533
0.018 2341527525 2298703842 2391067121 0.0859 0.0871 0.0892 0.136566 0.136238 0.135494
0.020 2360186293 2304217788 2398678696 0.0860 0.0873 0.0893 0.136516 0.136195 0.135455

298.15K

0.000 2237573686 2237573686 2237573686 0.6420 0.6420 0.6420 0.136045 0.136045 0.136045
0.002 2261473075 2292117579 2395933525 0.0858 0.0870 0.0890 0.135961 0.135543 0.134846
0.004 2277231793 2304353571 2396963955 0.0859 0.0871 0.0891 0.135921 0.135513 0.134803
0.006 2294021301 2309436561 2401148275 0.0860 0.0872 0.0892 0.135879 0.135483 0.134761
0.008 2307371415 2314540456 2405266400 0.0861 0.0874 0.0893 0.135836 0.135451 0.134719

Contd.
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Table 27.4: The values of Bulk Modulus (K), Thermal Conductivity (k) and Specific 
Heat Ratio (γ) of System TSP+ H

2
O/NaCl/Na

2
SO

4.

0.010 2323501867 2319754422 2409972427 0.0862 0.0874 0.0894 0.135793 0.135422 0.134679
0.012 2340188477 2323049570 2415779639 0.0863 0.0875 0.0895 0.135753 0.135388 0.134639
0.014 2353136675 2326587689 2421817949 0.0864 0.0876 0.0896 0.135711 0.135359 0.134601
0.016 2366463651 2329876003 2427768544 0.0864 0.0877 0.0898 0.135669 0.135329 0.134561
0.018 2382465556 2334991639 2433271973 0.0865 0.0877 0.0899 0.135628 0.135315 0.134522
0.020 2400773042 2337522649 2437754681 0.0866 0.0878 0.0900 0.135585 0.135267 0.134484

303.15K

0.000 2261908674 2261454293 2261908674 0.6454 0.6454 0.6454 0.135106 0.135106 0.135106
0.002 2282222345 2315644749 2421700500 0.0863 0.0874 0.0894 0.135021 0.134603 0.133937
0.004 2295241030 2326451087 2421114637 0.0864 0.0875 0.0895 0.134984 0.134572 0.133894
0.006 2310241988 2329845570 2427217099 0.0864 0.0876 0.0897 0.134951 0.134544 0.133853
0.008 2322527068 2333147327 2433261141 0.0865 0.0877 0.0898 0.134903 0.134511 0.133812
0.010 2339177160 2336645090 2439137922 0.0866 0.0877 0.0899 0.134864 0.134482 0.133772
0.012 2354356910 2339982356 2445174480 0.0867 0.0878 0.0900 0.134825 0.134448 0.133733
0.014 2368417486 2343283047 2451231992 0.0868 0.0879 0.0902 0.134785 0.134419 0.133693
0.016 2384323584 2346666351 2457166012 0.0869 0.0879 0.0903 0.134746 0.134390 0.133655
0.018 2397016404 2349595007 2463227199 0.0870 0.0880 0.0904 0.134708 0.134359 0.133616
0.020 2415693884 2353253872 2469221816 0.0870 0.0881 0.0905 0.134669 0.134329 0.133578

The variation of specific heat ratio of changeable weight fraction (0.002–
0.02 mol-kg-1) of fertilizer: Triple Super Phosphate in water and 0.2 mol-kg-1 
aqueous solutions of NaCl and Na

2
SO

4
 at overall temperatures. The heat 

capacity ratio (γ) is decreasing, with the rise of temperature and fertilizer 
addition in the pure water and salt solutions. These results of specific heat 
ratios well support the increase of density with an increase in the concentra-
tion of solute fertilizer.13 The order of variation in water and salt solution is 
observed as Na

2
SO

4
<NaCl<H

2
O

CONCLUSION

Numerous mechanical, thermal and elastic parameters were calculated for 
triple superphosphate fertilizer in both water and saline salt solutions (NaCl 
and Na

2
SO

4
) at 288.15K, 293.15K, 298.15K, and 303.15K temperature by 

measuring the values of density and speed of sound. All parameters help to 
investigate the inter-molecular connections present between the molecules of 
triple superphosphate fertilizer-water and triple superphosphate fertilizer-
saline salts. The influence of concentration on the different properties was 
observed and explained with the help of physicochemical behavior.
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On the basis of resultant discussion, it was concluded that: 
 a. The variation in concentration, ilk of solute, ilk of the solvent, and its 

place actings a chief role in defining the kind of interactions going on in 
the solution.

 b. It is further concluded that at higher concentrations the H-bonding is 
strong.

 c. All the properties exhibit the maximum values for TSP fertilizer dissolved 
in Na

2
SO

4 
solution,

 
coz it has a weak interaction with water molecules 

can bind with fertilizer molecules more excellently.
 d. The trend of interaction occurred as: (TSP+H

2
O+Na

2
SO

4
) > 

(TSP+H
2
O+NaCl) > (TSP+H

2
O)
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